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INTRODUCTION

—-Any attempt to collect, systematize and analyze the Soviet

S—
scientific and technical literature relating to any subject field is a

challenging, time-consuming and often frustrating operation. The collection

of geodetic and satellite geodesy literature is much more complicated than
normally is the casc in preparing state-of-the-art reports dealing with non-
Soviet publications. This is in large part attributable to the fact that

many of the most important Soviet publications are frequently unavailable

in the United States, either becauase the materials were originally published

in very limited editions, or were classified by Soviet authorities as ''sensitive"
data. The problem is further complicated by conditions existing in the U.S.
itself, particularly during the past few years, when for a variety of reasons
(mainly budgetary), the funde available to the libraries o: the U.S. Government
agencies, universities, societies and research institutions for the purchasing,
processing and dissemination of Soviet publications have been significantly
reduced. ™n addition, the libraries of some institutions either are

understaffed or are not readily accessible to the general public.

The result has been that in preparing the present report on
Soviet satellite geodesy, many publications known to have been published in the
Soviet Union have been determined to be 1inavailable in U.S, libraries-- J
libraries which normally might be expected to possess such materials.
Even in the matter of serial publications, and despite the cooperative

efforts of the staffs of many libraries, attempts to locate ''missing issues"

have been unsuccessful.




With as many materials obtained as possible, the problem

then reduced to the systematization and analysis of the available data.

Very quickly it became obvious that the Soviets had never released for
publication a complete catalog of their satellite observation stations, listing
the geographic, geodetic or astronomic positions of these stations, their
equipment, personnel and their intracontinental and extracontinental networks,
established either by synchronous photographic or combined Photographic

and laser observational methods. Comparison of the available Soviet data

with such sources as the CCSPAR Information Bulletin and its COSP;‘.B

World List of Satellite Tracking Stations, revealed that these sources,

while very useful in some ~ases in identifying and locating some stations,
were also incomplete and out-of-date. These cttcumstances pointed up

the need for collecting as many of these data as pPossible and resulted in
the preparation of tt.e following parts of this report: Part II, Soviet Satellite
Observation and Tracking Stations and Their Equipment; Part III, Major
Space Triangulation Networks; and Part IV, USSR and East European
Cameras Used for Satelliie Geodesy Purposes. Admittedly, the information
contained in these fections is still incomplete because of the aforementioned
reasons, and because many of the cata are, by their very nature, out of
date either before or shortly after their publication in the Soviet scientific
press. The author hopes that thege chapters may be of value for reference

purposes,

Parts IV and V contain information on satellite tracking

cameras and on the early lunar and Lunokhod-I laser experiments, topics

that specialists in these fields might consider as already well known, Analysis




of the available data, however, indicated that different authors, and
sometimes the same authors writing in different publications, gave
conflicting data in describing instrumunts, components, observation
methods and measurement results. Thase discrepancies are generally
of minor importance but they illustrate a characteristic of rnany Soviet
technical publications, namely, poor editing or reporting of numerical
data. They also point up the danger of accepting data from any single paper -

as accurate information.

Since information obtained solely from the Soviet scientific
and technical literature was not, and probably never will b», adequate for
the compilation of an up-to-date and complete state-of-art study of Soviet
satellite geodesy, Soviet data in some cases had to be supplemented and/or
verified from non-Soviet literature, mainly of East European origin. For
example, detailed information on the space criangulation program, '"Project
WESTA', was obtained from the Polish literaturc and the most recent
information on the locations at which the Soviet AFU-75 tracking cameras
have been installed was found in a journal published in East Germany.

The journal, Space Science Reviews, published in Amzterdam, also

provided tracking camera site information not furnished in the Soviet

literature.

Finally, as a result of the increased participation of Soviet

scientists and institutions in international projects, information on the

vi
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results of Soviet research not released for publication in the Soviet Union
occasionally has been presented at international meetings and published

in their Proceedings. Time restrictions did not permit exploitation of

either of these types of snurces.

Bibliographic references to the Soviet literature used in
this report are listed at the ends of Parts II-VI. Abbreviations frequently
used throughout the paper are:

AES - artificial earth satellite

D.M.E. - distance-measuring equipment
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PART 1

SURVEY OF
SOVIET LITERATURE ON SATELLITE GEODESY

Information published by the Soviet Union on their research
and development in the field of satellite geodesy is contained in a wide
variety of sources ranging from newspapers to the most detailed theoretical
scientific monographs. Since some of the applications ol satellite geodesy
are of potential military significance, some Soviet publications are assigned
security classifications and foreign dissemination is thereby prohibited.
This policy is also adopted for the publication of certain instrument patents
with the result that some patents are published many years after the
ievuance of the patent or, indeed, are never published at all. Other devices
used to restrict the foreign dissemination of technical publications include
the elimination of the foreign distribution of otherwise unclassified publications
(e.g.. the Trudy's of some scientific or technical institutes) and, finally,
the publication of very small editions of soine of the more important scientific

journals and periodicals, thus effectively limiting the supply of issues

: available to foreign subscribers.
t All of these factors, together with other conditions presently
!

obtaining in the United States itself (reduced research budgets, reduced funds
for library staffs and purchases, etc.) have combined to produce the result
’ that no U. S. library possesses comnplete sets of several of the required

joeurnals or periodicals and any attempt to gather information on the availa-




bility of the "missing {ssues' {s a time -consuming, and sometimes futile,

operation,

Despite these drawbacks, however, a rather considerable
body of information (appraximately 1100 bibliographic references, covering
for the most part the 1966 through 1972 period) has been located and
evaluated for the purposes of the present report. Approximately 650 of
these references *1ken from the geodetic, astronomic, geophysical, optical,
radio engineering and space sciences literature, were selected as significant

contributions to an investigation of the study of Soviet satellite geodesy.

A general picture of the quantitative and time -wige emphasis
placed by Soviet authoritiés on various aspects of satellite geodesy can be
obtained from the following seven tables, which have been compiled from
these 650 references (Tables I through VII). In making this compilation,
assignment of some references to any single category was impossible,
since many papers dealt with several aspects of the major problem. In

such cases, an attempt was made to assign these papers to the categories

(7 major topics and 41 subtopics) most directly applicable to the more

specific topic of the present report, namely, Soviet laser geodesy.
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References used in the tabulated analysis. also include a
numerically relatively insignificant but qualitatively important category of
papers that have become available to AmeriCa;q scientists in the past few
years in ever-increasing volume as the result of the increased participation
of Soviet scientists in international projects (e.g., ISAGEX, lunar laser

ranging experiments, long-base line interferometer measurements, etc. ).

The publications resulting from these cooperative efforts are of two general

types: 1) papers presented in various languages by scientists from the USSR

and tl.ie socialist countries at international meetings, and 2) papers published
under the joint authorship of Soviet and non-Soviet scientists representing the
cooperating nations. Regrettably, the time factor precluded thorough analysis
of these publications and only the most pertinent (and available) could be
included as a part of the present report. In addition, the assumption was

that American scientists involved in these studies are fully knowledgeable about
these publications and their contents.

Fewer than 100 references, containing information on the
status of the development of Soviet laser geodesy, have been located to date
in the literature of the Soviet Union or of the socialist countries. These
references cover a large variety of toy')ics ranging from the most theoretical
discussions of methodology to the technical applications and instrumentation.
They also include papers dealing with such topics as the theory and
applications of laser beam propagation within and outside the atmosphere, the
practices used and the results obtained in the Soviet Union in laying out space
netwoirks by conventional, combined optical and laser, laser, and laser -

interferomecter methods. Frequently, references are repetitious, almost




identical information appearing in several journals. Because of this

divessity, references to these topics are included in many of the categories
represented in Tables 1 - 7 (A, all subtopics; B, 1, 2, 3; D, {; Eyily 31, 4
F, 1,3, 4, 5;and G, 1, 2).

The seven tables indicate that over the 1966-1972 period
major and increasing emphasis has been placed on both optical (photographic)
and laser observations (singly and in combination), space triangulation
methods and constructions, methods of computing AES orbits, selenodesy,
and the development of domestic and international geodetic networks from
AES photographic and laser observations. T_he apparently lesser (and later)
emphasis on radiq- and interferometer methods and instrumentation is due,
at least in part, to the unavailability of certain publications known to
exist and for which only a.batrz.;cts are available. Such subjects as dynamic
geodesy, i.e., the joint adjusgment of gravimetric and satellite data and
investigations of the characteristics of the external field of the earth, of the
moon and some planets, are also emphasized in the Soviet literature. The
same is true of the ever-increasing volume of papers being published
in the literature on geodetic, astronomic and geophysical investigations of
the major planets and on investigations being carried out to determine
optimum locations for "astroclimatic observatories', whick in some cases
also are engaged in "'satellite observations" mainly with long-base: line

radiointerferometers (see Part II - on Soviet satellite observation installations).



However, since many of these topics are only indircctly related to the

field of laser geodesy and each would require a sepurate report of a size

comparable to that of the present report, no.attempt has been made here

to analyze these publications or to include these references in the biblio-

graphy.
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PART Il. SOVIET SATELLITE OBSERVATION AND TRACKING ST ATIONS

AND THEIR INSTRUMENTATION,

Examination of all available Soviet reference materials
(ranging in character from local newspapers to scientific books and
periodicals), which contain information on the number and types of satellite
observation and tracking stations, their geographic, geodetic or astronomic
coordinates and instrumentation, revealed that Soviet authorities
either have never compiled or at least have never released for dissemination
abroad, complete or up-to-date catalogs or listings of these types of data.
Further examination also showed that even after the Soviet Union had
become a participating member of the COSPAR satellite geodesy programs,

pertinent information of this kind was not always reflected in the Lists of Satellite

Tracking Stations, published irregularly in the COSPAR information Bulletins.

Because of these deficiencies, an attempt has been made in the present report

to compile and tabulate relevant data collected from many Soviet literature

sources (see Table 1 ).

This Table shows that there are at least two major types

of satellite observation facilities in the Soviet Union:

1) Stations at which optical observations are made,
including the so-called ''visual" * and photographic stations
and laser -photographic stations; and

2) rzdivastronomic observatories, from which long-base

line interferometer studies have been carried out,

i.e., stations reporting satellite sightings.
=i

’-‘.r——.-—.—v—-—.‘?*'—z-rz:?i




There is a possibility that a third category of facility,
presently referred to as astroclimatic stations or observatories, may
soon be or already are (? ) equipped with instruments suitable for satellite

tracking and geodetic observations. The identification of potential sites

for these observatories, i.e., sites offering optimum ''seeing'' conditions,
has been the purpose of many expedii.ions sent to the high-mountain areas
along the southern boundary of Central Asia during the past twenty years.
According to the boviet literature encountered in the course of the present
study, these observatories are cxpected to be equipped with powerful
telescopes and a variety of related instruments that would permit sophistic..ted
deep space astronomical investigations (quasars, pulsars, etc.) These
same sites, equipped with satellite tracking cameras, radiotelescopes and
laser-ranging apparatus, would be excellent satellite tracking station
locations, and would be especially important for radiotelescopes adapted
for use in making long-base line interferometer measurements. This
possibility is of particular interest because the mountainous areas being
investigated extend over a long east-west line from the Crimea on the west

(Simeiz, where the observatory is already equipped with most of the

P

equipment required for satellite geodesy investigations), eastward across
the Turkmen, Uzbek, Tadzhik, Kirgiz and Kazakh Republics in an east-west

s 4

belt between 38°-45° N. Lat.

Time limitations have prevented a thorough investigation of
this type of facility. Howevs«:r, a brief history of the project and some of

the recently published results obtained from field investigations carried

-14-
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out in the Tadzhik and Uzbek Republics are included in the pPresent report

as Appendix D,

Literature sources providing satellite observation data:

l. Ephemeris data -- at one time obtained at approximately 100 "'vigual"

and, to a lesser extent, pPhotographic stations -- are published in the USSR

Astron..nicai Council's publication, Rezul'taty nablyudeniy sovetskikh

iskusstvennykh sputnikov Zemli, published in Moscow * until 1970-1971, At

this time the number of stations reporting these data apparently was greatly

reduced; 34 of the stations reporting in 1966 did not provide these data in

1971.

2. Observational data used for scientific and geodetic purposes were

obtained mainly at the photographic stations and are, for the most part,

published in the USSR Astronomical Councils' periodical Byulleten' stantsiy

opticheskogo nablyudeniya iskusstvennykh sputnikov Zemli. Additional data

and theoretical studies are reported in the Trudy's, Nauchnyye informatsg' "'sl

and Byulleten's of several astronomical observatories, and astronomical,
physics, electronic and geodetic institutes, as shown in the several lists of

references appended to each section of this report.

Training and education of station personnel

Eifective execution of the various types of satellite

observation and tracking programs carried out at these stations has required

Fresently being published in Ryazan,

-

g




| S,

that large numbers of well-trained personnel be available. Intensive
training programs were carried out by or under the direction of the USSR
Astronomical Council and, to a lesser extent, by some of the major
astronomical observatories, such as the Main Astronomical Observatory

(GAO) at Pulkovo. A partial analysis of these programs is presented in

Appendix C.

Ltk
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Key to abbreviations and symbols used in Table 1.

Station numbers:

First number - 1, 2, 3, etc. - number originally assigned to

USSR stations by the Astronomical Council, Academy of Sciences.

Second number - (1001, 1002, 1003, etc.) - number assigned

on a world-wide basis through COSPAR agreement.

Station coordinates:

Preceded by (V) = visual observation station
Pr. ceded by (P) = photographic observation station
Followed by [ ] = reference to literature source of information.

Station name, followed by organizational affiliation:

Ped. Inst. = pedagogic institute

Uriv. = university

Sat. obs. sta. = satellite observation station
Astron. Observ. = astronomic observatory
Lat. Sta. = latitude station

Station equipment:

a. Telescopes: AT-1, AST = astronomic telescopes
TZK = binocular telescope
AZT = reflector telescope
Lun-3 = refractor telescope
Maksutov meniscus telescope
b. Theodolites: ShT (pilot balloon theodolite)
' OT-1 (geodetic theodolite)




c. Cameras: ''small cameras' = "Fed", "Kiev', "Zorkiy'",
"Zenit-C'", '"Leningrad'', '"Smena-4", '""Turist'’;
"Telemar', etc. (denoted by superscript! in tables).

KPP = camera with a moving film
NAFA-21
NAFA-3c¢/25
NAFA-3c/50
NAFA-3c/2%-C - |
SBG (German tracking camera)
UF 1ISZ -25

AF £-MK

FAS

AFA-MK

AFU-75

VAU

TAFO-AL-75

3

— night aerial cameras
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USSR reporting of precise positions of satellite vbservation cameras

The only instances encountered to date in the recent open-

source Soviet literature (i. e., published between 1958 and the present), in

which the precise positions of satellite observation cameras are given, are

Wy e T

reported in papers by G. V. Panova, T. Ye. Syshchenko, B. A. Firago

i and D. Ye. Shchegolev, entitled "Observations of the second artificial earth

-

satellite (1957 B) at station no. 039 (Pulkovo)', Byulleten' stantsiy

opticheskogo nablyudeniya iskusstvennykh sputnikov Zemli, no. 6, 1959,

1 1 1-5; in a paper by Syshchenko, Firago and Shchegolev entitled ''The position
, of satellite-3 (1958 §) from photographic observations at Pulkovo', Byulleten'

stantsiy opticheskogo nablyudeniya iskusstvennykh sputnikov Zemli, no. 14,

1960, 17-18; and in a third paper by Panova, Syshchenko, Firago and

Shchegolev, '"The position of the 1958 6, satellite from photographic

observatories at Pulkovo, Byulleten' stantsiy opticheskogo nablyudeniya

iskusstvennykh sputnikov Zemli, no. 10, 1959, 19-23, .

m—t— "y

1, At the time the first paper was written, two cameras were

used at the Pulkovo Observatory to obtain negatives of satellite passes:

s a——
-

1) a standard azimuthally-mounted NAFA-3¢c/25 camera,

designated as the NAFA-3c/25-C, and

2) an equatorially-mounted NAFA-3c/25 camera, equipped

L with a clock mechanism.




| The geographic (geodetic) coordinates of the camera stations

are given as follows:

] "
For (1), B = +59°46 13.6, {4 = -2P01™18%81, H = 76 m above sea level
1 "
! For (2), B = +59°46 13.7, A z -2h01m18.880, H = 76 m above sea level
The paper further states that the geodeti: closures of these
s positions were made to the center of the round hall of the Pulkovo

Observatory, whose coordinates are the initial geodetic datum for the USSR

triangulation on the Krasovskiy ellipsoid, here given as

! n
B, = +59°46 18.'55, & = -2"01™18% 806.
! 1 The second paper presents the results obtained in using the
“ standard azimuthal camera (F = 253.5 mm) at Pulkovo to take 26 photographs
I = during 21 passes of the 1958 62 satellite, The positions given in this paper
¥ for this camera (no. (1) in the earlier paper) are as follows:
be

] 11 1
B - +59°46 13.62 + 0.005; b = -30°19 42,08 + 0.01; H = +76™5 + 0.3, h = 0™0 + 0.

] t ' "
U © = +59°46 13.78 + 0.005; A = -30°19 38.54 + 0.01.

The third paper gives the following positions for A (azimuthally-
mounted NAFA camera) and E (equatorially-mounted NAFA camera), where
B, L\ - geodetic coordinates, 3 A = astronomic coordinates, H = absolute
elev2tion above sea level, h = relative elevation of the geoid above the

.- eilipsoid:

o,,' " o..! " o.." "
- A-B=+59°4613.62,h = -30°19 42.07, H=+76.5m, h=0.0m, ¢ = +59 46 13.78,

u

= ey

o [] 1]
A = -30°19 38.53;
§ ' " 1 m 1 "
‘ t E-B - +59°46 13.7, [r= -30°1942.0, H=+76m, h=0.0m, ¢ = +59%46 13.9,
! ) t
X = -30°19 38.5.

s
*
"
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19.
20.
21.

22,

BSON®, no. 3, 1958

BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,

BSON,

. BSON,

BSON,
BSON,
BSON,
BSON,
BSON,
BSON,
BSON,

BSON,

no.

no.

no.

no,

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

no.

2, 1958
1, 1958
4, 1959
6, 1959
7, 1959
8, 1959
9, 1959
10, 1959
14, 1960
15, 1960
21, 1960
23, 1961
26, 1962
32, 1963
33, 1963
34, 1963
35, 1963
36, 1963
37, 1963
38, 1964
40, 1964

* BSON = Astronomicheslkiy’ sovet, Byulleten' stantsiy opticheskogo
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PART 111
MAJOR USSR SPACE TRIANGULATION NETWORKS
Information contained in the open literature on Soviet
satellite triangulation networks was selected for inclusion in this section
of the report on the basis of the following considerations:

1. Availability in the U.S.A. of published data;

2. Adequacy of these data in illustrating the evolution and

Status of Soviet geodetic science and technology as applicable to the develop-

ment of satellite geodesy and geodetic laser technology; and

3. Contributions to Soviet geodesy resulting from Soviet

participation in international satellite geodesy projects.

One of the most frequently asked questions about Soviet
satellite geodesy, or more Precisely, all aspects of their geodesy, is 'to
what extent does the Soviet literature provide factual observational data
that is adequate for non-Soviet scientists to verify results published in the
Soviet Union? " U, S, geodesists and geodetic astronomers h:ve been
unanimous in the opinion that even with the relatively recent international
cooperative agreements, adequate data have never been released to the

scientific communities of western nations,
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In the interest of verifying the validity of thie opinion as

applied to Soviet geodetic satellite networks and projects, an attempt has
been made to collect all factual Soviet data published on their photographic
observations of ECHO-1 (1961 and 1963). These programs were selected
because these observations were the oldest (maximum time available

for reductions, computer calculations, evaluations and publication) and
they were the least ''sensitive'. Further, as 80 often has been the case,
the tendency has been for the publication of greater amounts of information
during the "first-flush of success' period. Sources, which were found to be
available and which contained data on these ECHO-1 observations, are

listed in Appendix A and Appendix B. As anticipated, these data would not

be adequate for verification of the published results.
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A. USSR Satellite Triangulation Projects Involving the Use of NAFA-3c/25

Cameras.

1. Quasisynchronous Photographic Observations. 1961 QObservations

of Echo-I,

The first extensive space triangulation project carried out
by the Soviet Union was initiated in 1961. The purpose of this investigation
was to determine the feasibility and reliability of using quaeisynchronous
photographic observations of a satellite to determine the unknown coordinates

of one observing station when those of other stations are known.

In April-May 1961, over a period of five orbits, the ECHO-1
satellite (1960, ) was photographed at the Pulkovo, Khar'kov, Tashkent
and Nikolayev stations, using NAFA-3c/25 cameras (F = 25 cm, d = 10 cm,
field of view = 30° x 500). Standard time was registered with special crystal
chronographs, accurate within the £+ 2 to + 5 msec range. 34 film negatives
were obtained. In processing the photographs, the coordinates of the

Khar'kov station were assumed to be unknown,

The results obtained in this study have been reported by

several investigators, as follows:

wdills




a. I. D. Zhongolovich, in a major paper presented at the
Fourth Congress of the All-Union Astronomic-Geodetic Society, held at
Riga in October, 1965 (published in 1970) [1, p. 94), discusses the basic
Principles of space triangulation, the establishment of base lines for
space triangulation purposes ;.nd the theory of making laser measurements
of distances to AES., He reports that the "Khar'kov coordinates were

obtained with errors of 67, 86 and 70 m".

b. V. M. Amelin, in a paper presenting a detailed analysis
of several methods of reducing synchronous photographic observations of
satellites [2],uses the 1961 BCHO-I data from the same fcur stations
(Pulkovo, Khar'kov, Tashkent, Nikolayev) as the basis for his calculations,
i.e., to calculate the topocentric equatorial coordinates of the satellite,

Amelin deals with two problems, the first involving the determination of

the space rectangular coordinatel(xc. yc, zc) of the satellite and the second,
i1 determination of the coordinates of 2 station whose coordinates are unknown.

He further states that his "results are not significant in terms of production

- procedures' and that "the sole purpose of the study was to develop processing

I methods and to throw light on the possible accuracies of these methods,’
dw

(p. 3). Amelin also notes that he assumed that the coordinates of the

-

control stations were in a single system and that for purposee of his study,

-e

the astronomic coordinates used were those listed in the COSPAR Information

.- Bulletin, no. 10, 1962, Part I. As was the case in the 1961 experiment, the

o
RS RE T T SREES—
]

coordinates of the Pulkowvo, Nikolayev and Tashkent stations, however, were

assumed to be geodetic coordinates in a system of a single reference ellipsoid.
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Amelin concludes that the results of his various nume-rical
calculation methods show that the rectangular coordinates (¢, n, ) of Khar'kov
could be determined with errors of the order of 100-130 m. He also notes
that these errors were affected by: 1) the use of astronomic rather than
geodetic coordinates, 2) the NAFA -3c/35 Camera permitted determination
of directions to the satellite with an accuracy of 3'""-4", .nd 3) that the
accuracy with which the moments of observation were registered was
inadequate to achieve true synchronization of observations. He anticipates
that if observational accuracy is improved and if geodetic coordinates
in a system of a single reference ellipsoid are used for the control stations,
the method of synchronous observations will make possible the determination

of the coordinates of an unknown station with an error of the order of 30-50 m.

c. Using the same materials that Amelin used in (b) above,
(i. V. Panova and D. Ye. Shchegolev [ 3] applied analytical geometryv formulas
in computing satellite positions and to determine the coordinates of an unknown
station. In this solution, the rectangular space coordinates (x, y, z) of the
unknown station were obtained with errors of +67 m, i86 m, and +70 m,

respectively,

Literature sources, containing tbulated observational data
(date of observation, time of observation (U.T.) and the topocentric equatoriul
coordinates reduced to the 1950, 0 epoch), calculated from NAFA-3¢/25
photographic observations of ECHO-I during the April-May period of
synchronous observations ot three of the four stations (ic@. , except for

Nikolayev), are listed in Appendix A.

a8
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2. Synchronous Photographic Observations .

a. 1963 Observations of ECHO-I,

Impetus for the execution of a more extensive and fully
synchronous photographic observational program was generated by a
resolution passed at the first conference of the Commission for Multilateral
Cooperation Between the Academies of Sciences of the Socialist Countries,
held in November 1962, attended by representatives from the German
Democratic Republic, Poland, Czechoslovakia, Rumania and the USSR [4].

The resolution called ior synchronous observations to be made with NAFA -

3c¢/25 cameras of BCHO-I during the 22 May - 29 June period over an east-

west distance of about 10,000 km, extending from a group of observation

stations located in eastern Europe and western USSR, across Central Asia
and Siberia to a second group of ("'expeditionary'’) stations in the Soviet Far
East. The western group of stations included Poznan (Poland), Potsdam
(German Democratic Republic), Prague (Czechoslovakia), Riga (Lat¥ia),
Uzhorod, Nikolayev, Zvenigorod (USSR), and Bucharest (Rumania). The
eastern ''expeditionary stations' included Blagoveshchensk, Vladivostok and
Petropavlosk (Kamchatka) on the mainland, and a station designated as
Yuzhno-Kuril'sk in the Kurile Islands. Stations ircermediate between these
two groups of stations generally are not ideutified, Alma-Ata being the

only one mentioned in the literature. For the most part, the distances between
stations did not exceed 3000 km, but the Alma~-Ata==Yuzhno-Kuril'sk distance

was more than 5,000 km. The actual observation period began on 22 May and




ended on 20 June 1973, with five observation sessions being scheduled

for each day.

During the June-August period, the various stations submitted
to D. Ye. Shchegolev (Pulkovo Observatory), coordinator of the project,

the photographs and data required to select, from the total number of

negatives, those which could be assembled into '"synchronous groupings',

More than 1000 negatives were selected for subsequent processing and
analysis. The following figures (a, and b) show the conmections for which there

were more than ten synchronoue negaiives per triangulation side.

Blagoveshche nsk

Yuzh, Kuril'sk

(b) S\

Fig. 1. Station networks for 1963 observations
of ECHO-I.

1Vladivostok
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The results of this Project are reported by various

investigators as follows:

a. I. D. Zhongolovich 1, P. 94] states that the error in
determining individual directions to the satellites did not exceed % 4",
the error in time determination did not exceed + 0.005 sec, and that

of carrying forward coordinates was % 100 m on the average.

b. Amelin, V. M. *, in a 1967 Paper entitled, "Determination
of station coordinates from synchronous observationg of ECHO~1(1963 session)"
{ 5], analyzes the results of a comparison of variovs methods of determining

the coordinates of stations on the earth's surface from synchronous

observations of satellites. The data used as numerical examples were

selected from observations which had been made of BCHO-Iin 1963 at the

Riga, Nikolayev, Uzhgorod, Poznan and Zvenigorod stations. He reports

: the following results: With the equipment and procedures used, the topo-

.e centric coordinates of the satellite could be determined with a precision

of the order of 3'"-4"; the rectangular coordinates of a station could be

: determined with 2 precision of the order of 40-60 m; the geodetic coordinates
with a precision of the order of 15 - 210; and the elevation of the station

| (with optimum matching of geodetic coordinates), with a precision of 40-60 m.

»

* L. P. Pellinen cites this paper as ''presenting the general principles
involved in distance measurements utilizing lasers to make satellite
observations', Issledovaniye kosmicheskogo pProstranstva, Itogi nauki,
1970, 1972, p. 30.

[
. 1
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c. A paper by A. G. Krylovand V. A. Yurevich [6],
describing the equipment and observational and computational procedures
used in connection with the 1963 synchronous observations made of ECHO-I
at the far eastern '"expeditionary stations', reports that there were 14
clear nights at the Kurile Island station (126 negatives obtained), and 7
clear nights at the Kamchatka station, (79 negatives, of which 32 were
synchronous with other stations). About one half of the 32 negatives were
of good quality. Although numerical results are not presented, the authors
conclude that despite unfavorable conditions and great obstacles, ''successful

synchronous observations are possible under 'expeditionary' conditions . "
Citations to additional references, which contain tabulated
observational data for the 1963 synchronous observations obtained at a few

of the participating stations, are listed in Appendix B.

b. The Nikolayev (U,S,S R,)=-Helwan (Egypt) space direction

determination. ECHO-II observatories used for intercontinental connections,

The '"circle of homogeneity' method (i.e., measurement of
chord direction without time registration at one station), proposed in 1964 by
C. Popovici of the Bucharest Astronomic Observatory for the determination of

space directions (chords) using synchronous AES observations [7], was first used

Y, .




|

i

= in the East European countries to determine the Potsdam - Bucharest
“k direction [7]). Later, other directions, representing Furope - USSR

geodetic connections, were determined by this method: the Bucharest -

Riga direction [8]%, the Riga - Poznan and tl. > Poznan - Bucharest directions

and the Bucharest - Riga - Poznan directions [97+,

1
u‘b The preliminary results obtained in using the ''circle of

] simultaneity' method to determine space directions between widely-spaced
2 ground stations,in this case an intercontinental connection between the

I Nikolayev (USSR) and Helwan (Egypt) stations approximately 2000 km apart,
- are reported by A. Dinescu in [10], and [11].% Five pairs of photographic

:

observations were made of ECHO-II in the spring of 1966. The negatives
were reduced at the USSR Astronomic Council; the computations were made
by the least squares method. ‘The results obtained were as follows: The

azimuths of the Nikolayev-Helwan dircction (read from the south toward the

O ] 1" 1"
west) Awas 1 51 55 60 % 6.80, and the zenith distance of the direction F

1 1
98032 47.93 + 9!'25, Astronomic coordinates were used for the Nikolayev

- station. !
3 E S
- 1
]
; “ OQriginal papers not available. ]
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3. 1966 Synchronous Observations of the PAGEOS Satellite, Europe -

North Africa Connection.

The processing, coordination and publication of the results
of both the 1961 quasisynchronous and the 1963 synchronous observations
of ECHO-I described above were the responsibility of the USSR Astronomic
Council. After reducing and analyzing the 1963 observations of ECHO-I,
the Council organized several projects involving similar, but not very
successful, synchronous observations of ECHO-2. These investjgations were
followed by a project which consisted of the establishment of an eight-station
network, from which synchronous photographic observations were made in
the September-November 1966 period of the PAGFOS satellite, again using
the NAFA-3c/25 cameras. The specific purposes of this study were to
compare the results with those obtained in the earlier ECHO-1 and ECHO-2

studies and to determine the coordinates of the Cairo (Helwan?) station [12].

The station network consisted of the Zvenigorod, Nikolayev,
Sverdlovsk, Poznan, Tashkent, Irkutsk, Khabarovek and Cairo (Helwan?)

stations (rig. 2),

Preliminary evaluations were made of 47 photographs* taken at
the Cairo station and another 100 photographs taken at the USSR and the

Poznan stations. About 35% of the measurements made from the photographs

* The paper by Kovalenko et al does not specify the type of camera used.
However, Pellinen, writing in Itogi nauki. Geodeziya 1965, published in 1967
[13] identifies the cameras as being NAFA-3c/25"s.
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were selected for the final adjustment calculations (65 synchronous photo-
graphs taken at seven of the stations, for 26 positions of the satellite).
Because of the great altitude of the satellite, the maximum angle of the
intersections to the satellite did not exceed 55°, Synchronous observations

were obtained between stations as far apart as 7500 km. The magnitudes

of the corrections to the coordinates of the satelljte position did not exceed

‘i 300 m. Corrections for the Cairo coordinates were determined to be as
. follows:
1

Corrections obtained from Estimates, from

adjustment to preliminary adjustment,

coordinates of the Cairc station.

AX Ay AZ m_ my m_ m_ A

i +157m 4152 m 4190 m #79 m £59 m 2168 m 146 m 243

where m_, my, m_are the precisions of determinations of the equatorial
coordinates x, y, z of the satellite; m_ is the precision of determination of

chord length, and M is the precBion of determination of the topocentric

1 dircction of the satellite,

The results of these investigatiors are evaluated as
demonstrating that synchronous photographic observations can be made from ‘

stations located as far apart as ¥500 km. The absolute value of the error

I -51-
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in determining the position of a station (Cairo, in this case) was 148 m,

However, the judgment was expressed that the geometric scheme of

station disposition could have been improved by using the Irkutsk-Cairo, 4
Taslkkent-Cairo and Khabarovsk-Cairo directions. PAGEOS-type satellites

are adjudged to be suitable for use in laying out a global network of space
triangulation having sides of the order of 6500 km or for connecting

isolated objects spaced this distance apart, but that ECHO-type satéllites are
preferable to PAGEOS-type satellites in laying out space triangulation !

networks whose sides average 3000 km in length.

The results also indicated that the tendency of the camera
at Cairo to get out of focus affectea the quality of the negatives obtained
there and therefore also affected the final adjustment results. In the
opinion of the investigators, better photographic quality and an improved

station network layout would have given better adjustment results.

{3
Ld
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4. Project WESTA",

A very interesting development (not explained in the Soviet
literature) apparently occurred in the USSR space triangulation effort some
time after the 1967 series of synchronous observations. This development
is revealed in a paper by Minowska and Minowski entitled "Project WESTA .

Processing and preliminary analysis of observational data' [147.

Examination of this paper reveals that Project WESTA was
an attempt to systematize and re-reduce ncgatives made during the 1962-1967
period of synchronous observations of ECHO-1, FCHO-2 and PAGEOS-1
on a l3-station network in the USSR, Africa and some Fast European countries,
(1385 negatives) and that the responsibility for coordinating, systematizing and
processing these data, previously held by the USSR Astronomical Council,
was being turned over to Polish scientists of the Polish Academy of Sciences
[because the Astronomic Council was involved in more precise observation
projects with high-precision cameras such as the Arctic-Antarctic chord? ],

[had too large a computer backlog?, orfwerc working on advanced laser

techniques and instrumentation 3, etc.

“Acronym for Fksperymentalna wschodnioeuropejska siec triangulacji
satelitarne} meaning East Furopean Satellite Triangulation Network.
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According to the list of references used in the paper, the
Astronomic Council provided the Polish scientists with the following

""publications’ (?) (not yet located in USA libraries):

1. List of equatorial coordinates (a and §) of the ECHO-1
and ECHO-2 satellites obtained from the 1964 [?,] synchronous observations
at the Zvenigorod, Pulkove, Riga, Uzhgorod, Nikolayev, Sofia, Baja,
Poznan, Bucharest and Prague stations, published by the Astrosovet

(USSR Astronomic Council);

2. List of equatorial coordinates of FCHO-2 obtained from
synchronous observations in the spring of 1966 at the Cairo, Nikolayev and

Bucharest stations, published by the Astrosovet, 1967;

3. List of equatorial coordinates of PAGEOS obtained from
observations in the autumn of 1966 at the Baja, Zvenigorod, Cairo, 1

Nikolayev, and Poznan stations, published by the Astrosovet, 1967:

4. List of equatorial topocentric coordinates (@ and 8) of

PAGEOS, published by the Astrosovet, 1968;
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5. List of equatorial topocentric coordinates of PAGEQOS
obtained from synchronous observations in the autumn of 1966 at the Baja,
Zvenigorod, Cairo, Nikolayev, Pulkovo, Riga and Uzhgorod stations,

published by the Astrosovet, 1969;

6. List of equatorial coordinates of PAGEOS obtained from
synchronous observations in the spring of 1967 at the Baja, Bamako,

Zvenigorod, Nikolayev and Riga stations published by the Astrosovet, 1969;

7. List of equatorial topocentric coordinates of PAGEOS
obtained from synchronous observations in the spring of 1967 at the Cairo,

Riga, Baja, Zvenigorod and Bamako stations (Astrosovet, 1970); and

8. Tables of the values of the topocentric equatorial

coordinates of ECHO-1 positions (Astrosovet 1964).

The authors describe the results of previous attempts at
preliminary establishment of a network using these data as giving "a
geometric network of observation stations connected by synchronous
observations [some were nonsynchronous}, which had been made and
reduced by several methods, with satellite coordinates having been calculated
by various methods and the photographs taken with ‘inferior-quality' cameras
(NAFA-3c/25 except at Poznan where the PO-1 camera (F = 360 m) was

used"} The paper also states that observations made after the spring of
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1967 at the network stations (presumably still being coordinated by the
Astronomic Council] have not been included in the Polish reprocessing of

data [because after 1967, NAFA 3c/25 cameras were replaced by AFU-75

or other precision cameras?].

The WESTA network is an extension of the USSR - coordinated
network of stations making olLservations in 1963 of ECHO-1 and ECHO-2
(the western portion of the trans-USSR network, described by Shchegolov
in [4], reported in the first part of this section); its layout scheme is given

in Fig, 3, below,

Fig, 3. Station layout for Project WESTA.
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Comparison of the two networks shows that the following
stations in the WESTA network were added to the 1963 network shown in
Shchegolev's paper: Cairo (Helwan), Egypt, and Bamako (Mali Republic) -
for connections between the USSR and Africa; Pulkovo (USSR), and Baja

(Hungary) and Sofiya (Bulgaria) - for additional connections between the 1

East Furopean countries and the USSR,

The geographic coordinates, elevations and the COSPAR -

assigned numbers of each of the 13 stations in the WESTA network are given

in the following table.

st | o L Seceaiam, || oo
| COSPAR st , ition e ] | N i
- [ ol Ce Nl ]
1154 | Poznan 52°24'W,0° i 16°52°30,0° I 80,0
1672 | Zvenigorod 55°41°37,7° 36°46/'34.0° 173,2 :
1077 Nikolayev 46°58'20,0° 31°58'22,2° 51,8 .
1901 Catro 2°51300° | 31°19300" 10,0 ‘
1039 i Pulkevo $9°46'13,7° | I01938.S° 76.5 1
1084 Riga $6°56'SS,0° | 24°0337.8° 8,0
1055 Uthgorod TR 2417'57.9° 189,2
s Baja L 4105207 | 18'ST'35,0° 101,0
1145 | Prague | s004s60° | 14235807 327,0
(13t Bucarest T T 25°05'47,7° 86,0
1s1 ! Powdam | osrarss2t | 13osoLs [ 1080 ]
1ol Sofia I 42410207 23'20'50,0° 5720 '
327 | Bamako I 12°38'13,0° 351°58'23,0° 333,0

Table 2, Positional data for WEST & network statlons.
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Here, it is interesting to note that in some cases the USSR
station coordinates differ somewhat from those given in USSR publications
(see Table 1). In addition, the authors point out that in determiining the
sides of the space triangulation, the Potsdam station was not connected
to the rest of the network stations and that data obtained at Potsdam would
not be used in making the overall final adjustment of the WESTA network,
Finally, the authors state that "after 1963, the position of the Zvenigorod
ftation was changed'' and that "they (the authors) do not know the former

coordinates'',

Not only were the number of observing stations increased,
put the observation sessions were also extended to include the following
periods of observations of the ECHO-1 and ECHO-2 and PAGFOS-A

salellites:

1) Autumn - sp:ring of 1962-1963 (20 Sept. - 26 Sept. and

28 May - 28 June (i.e., approximately the same period previously reported

by Shchegolev) observing ECHO-1 (256 negatives obtained at seven stations);

2) Autumn of 1964 (5 Oc:. - 2 Nov), observing ECHO-1 and

ECHO-2 (103 negatives obtained at 10 stations);
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3) Spring of 1965 (25 April - 14 May), observing FCHO-1

and ECHO-2 (64 negatives obtained at 8 etations);

4) Spring of 1966 (23 March - 25 May), observing FECHO-2

(21 negatives at 3 stations);

5) Autumn of 1966 (5 Sept. - 30 Oct.j, observing PAGEOS A

(813 negatives obtained at 8 stations); and

6) Spring 1967 (23 Mar, - 20 April), observing PAGEOS A

(132 negatives obtained at 6 stations),

The observational data were processed with a GIER
computer (operates in the FRIEDEN system) and were transferred to punched
tapes. Since the WESTA network is based on synchronous observations,
the data were paired for each of the connecting lines, with each observation
assigned a number (1-748) in accordance with the "WESTA network catalog",
which is "available on punched tapes'' and 'all data are kept at the Zaklad*
of Planetary Geodesy, Institute of Geophysics, Polish Academy of Sciences",
according to the authors. The tapes contain the following infor mation:
catalog number; date; exact moment of observation (in hours, minutes,
seconds); right ascension ¢ and'ﬁ‘(in degrees, minutes and Seconds); mean
error of direction to the satellite (in seconds of arc). The original data

for @ and 6 were converted with an accuracy of * 10-9.

* Translated as '""Establishment' or "Institute',
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The methods used in processing the observations are
given in considerable detail, both descriptive and graphic, and this
paper represents a very good example of the contrast between the data
publication policies of the USSR and those of the East Furopean countries.
Another interesting feature of the Polish analysis is the fact that in

converting the station coordinates (listed in Table 1) to the rectangular

coordinates (XYZ), the SAC ellipsoid [not the USSR Krasovskiy triaxial

ellipsoid| was used.

Fxamination and evaluation of the observational data indicated
that the absolute directions of 50 of the lines connecting the network stations
could be determined (Table 3 ), but 180 of the total observations of lines

had to be discarded because various observational errors were discovered.

The preliminary analysis also indicated that:

1. Station coordinates were known with a precision better

2. Time signal registrations were precise to +0°002 -
0%003. Sample calculations made in adjusting lines indicated that the
anticipated errors in line determinations were < 19 and 170 > m and that the
mean ecrror of a determined line, taken as the mean error of 47 lines, was

+ 74 m,
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3. Despite certain calculation simplifications which
the errors larger, the magnitude of the error m_ = my =m, =+ 30 m,

indicated that much greater geodetic precision was possible.

Information currently available on the second stage of

processing the WESTA network data by Polish scientists indicates that

Minowska and Minowski chose an English journal as the publication vehicle

[15]. This part of the overall report dcals mainly with the determination of

the space coordinates of the WESTA network stations in a single system and the

derivation of estimates of observational precisions, The paper is

divided into three sections: section 1, which deals with the reduction and

preliminary analyses of observational data; section 2, which describes the

procedures used to determine the absolute directions of lines connecting

the network stations; and section 3, the procedures used in determining

the space coordinates of network stations. Preliminary and final results of
L the analyses are given for 47 lines, using two methods of assigning weights.
The geometry of the distributions of sub-satellite points is given in sketch
maps. Descriptions are also given for the inethod of selecting readings, the
sequence of observation reduction, the methods used to smooth measurements,
select directions and determ‘i.ne weights. Problems encountered in checking
the results are described and actual processing results are given. The r.m. s.

‘ error of the unit weight (of one observation) was determined as + 5",
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B. USSR - Controlled Satellite Triangulation Projects Involving the

Use of AFU-75 or Comparable Cameras.

1. "International " Europe-Africa Session of Photograp*ic Observations of
PAGEOS.

A proposal, advanced by French scientists at the meeting
of Working Group I (Optical and Radio Observations of Satellites) at the
Ninth Assembly of COSPAR (May 1968, Tokyo), called for a joint program
of geodetic observations of the PAGEOS satellite for the furpose of
determining the geodetic connections between Europe and Africa, referred
to the Standard Farth system of the USA Smithsonian Aestrophysical
Observatory [16]. Nations agreeing to participate in the program included
France, USSR, USA, Greece, Great Britain and Spain. The French
Institut Geographique Nationale (IGN) was designated as the program
coordinator. Fig. 4 shows the locations of stations participating in the

program and Table 4, the station coordinates and types of cameras used.

Satellite observation Stations in the USSR itself, stations
located in the Fast Furopean countries, and stations operated at least in
part by USSR observers (jointly with the French in Africa), participating

in the program were as follows:
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Table 4.
Station Station Country Longitude Latitude Cameras¥*
No. A ©
Cairo 301 Egypt 317332 299849 AFU-75, UFISZ -25
Mogadiscio 395 Somali 45%332 2°032 UFISZ - 25
Riga 198 Latvia 24°116 58°952 UFISZ -25
Zvenigorod 194 USSR 362775 55%693
Uzhgorod 195 USSR 22°299 48°633
Afgoi Somali 45°121 2%144 AFU-75
Bucharest 192 Rumania 267149 442299
Ondrejov 183 Czech. 142782 499%10
Poznan 177 Poland 16°878 522397
Sofia 190 Bulgaria 237370 422681
Sofia 191 Bulgaria 279919 43°199
) Bamako Mali UFISZ -25

ale
*

Kovalenko's paper does not specify the cameras used at the Zvenigorod,
Uzhgorod and the Fast European stations.

The 9 December 1968 - 28 February 1969 period was set

e for the observations,

STHE The principal characteristic of the program was that the

photographic program was synchronized, not in relation to time, but by
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the position of the observed point. The IGN was responsible for selecting
satellite positions on the celestial sphere for the simultaneous observations
and for providing uniform ephemeris data. A point on the satellite orbit
(sub-satellite point), visible from several stations,was provided for each

satellite passage used in the program,

Operations carried out in the Soviet Union were coordinated
by K. K. Lapushka (Latvian State University) and N. N. Kovalenko (USSR

Academy of Sciences' Astronomical Council).

In order that observations made with Soviet cameras be
compatible with those made with the IGN cameras used at many of the
other Furopean and African stations, some changes had to be made in the
mode of operation of the AFU-75 and UFISZ -25 cameras. Special instructions
were compiled by Lapushka for making observations of PAGFOS with the

£FU-75 camera, and by B, A. Firago, for the UFISZ-25 camera.

Soviet and Soviet-French stations participating in the program

obtained 270 negatives, 244 of which were synchronous (Table 5).

‘ 'l' 268




Table 5.

Station name Dec. 1968 Jan, 1969 Feb. 1969 Total no.

No. of negs.| No. of negs.| No. of negs. | of negatives

Riga (USSR) 4 27 14 45
Uzhgorod (USSR) 16 . 30 . 7 53
Zvenigorod (USSR) 2 | 10 23 3.5
Cairo (UAR) 21 9 25 59
Bamako (Mali) - - 10 10
Mogadiscio (Somali) 1 3 - 4
Afgoi (Somali) - ' 1 37 § 38

Total no, of

negatives 44 80 120 244

In processing and reducing the PAGFOS photographs,

for each second about 20 points were measured symmetrically with respect
to the point of intersection of the perpendicular from the optical center
to the satellite track. Up to 10 points were selected on both sides of these

points in the gaps of the satellite track.
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Twelve to eighteen reference stars (4-8M) were selected
on the satellite tracks, so that the overall reference Star figure wag as

nearly circular ag Possible, and é.veraged about 50 m (40) in diameter.

spherical coordinates, wag 3 difficult task, this operation was simplified

were obtained by the Turner method. The rectangular coordinates o.n the
photographs were measured on the "Askorekord" coordinatographs at the
Riga and Zvenigorod stations and op the "Komes 3030 at Uzhgorod., A¢
the Riga station, the €quatorial coordinates of PAGEOS were determined
with the BESM- 2 computer at the Riga University, using the SAO 1950, 0
catalog and the Turner method, In making the reductions, corrections
were made for the Proper motions of the reference Stars, lers distortion
and differenti: 1 refraction. No corrections were made for annval ang
diurnal a-berr;ttions, time aberration and refractiona] Parallax. Time

W“as calculated in the IT1 Standard System,

L8~




' The rosults were forwarded to the Institut Geographique
Nationale. After all of the data had been received, the Institute transmitted

]' the data to the participating agencies for subsequent analysis.
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2. Dynamic Satellite Geodesy Project (cooperation between stations

in the USSR, Mongolia, Fast=:a Furope and jointly operated by the
USSR and France).

A paper presented by Ye. P. Aksenov and S. K. Tatevyan
at the 15th Conference of the Commission for the Multilateral Cooperation of
the Academies of Sciences of the Socialist Countries, held on 2-4
December 1969* at the Crimean Astrophysical Observatory entitled "Program
of high-precision photographic observations of artificial earth satellites"
[17] is of interest for several reasons. First, its stated purposes
(determination of some of the constants of the gravitational field of the
earth, and solution of dynamic problems in satellite geodesy), are very
similar to those of the ISAGEX Program; secord, it reports the installation
at several stations of the high-precision AFU-75 camera: and third, it
represents the first attempt in the USSR to investigate satellite motions over
extended periods of time, utilizing high-precision cameras to record data
adequate for studying the nature of the forces acting on a satellite.
Additional benefits expected to accrue from the study included: evaluation of the
usefulness of the acquired data in determining, by various dynamic and orbital
methods, the coordinates of non-network stations, especially in relationship

to the connection of these stations to European control networks,

* After the 1969 COSPAR meeting in Prague.




Within the framework of the cooperating station networks,
the program called for the participation of all stations equipped with AFU-75
(or comparable) lorg-focus satellite cameras capable of photographing

satellites up to 7 stellcr magnitudes, as listed in the following "able.

Table 6.
o A Camera
1. Zvenigorod (USSR) 55942 36°47' AFU-75
2. Riga (USSR) 56 57 24 07 "
3. Uzhgorod (USSR) 48 38 22 18 "
4. Yuzhno-Sakhalinsk (USSR) 46 57 142 42 e
5. Cairo (Egypt) 29 52 31 20 .
6. Afgoi (Somalia) 2 09 45 07 U
. 7. Santiago (Cuba) 20 01 284 14 "
8. Sofia (Bulgaria) 42 41 23 21 e
% 9. Baja (Hungary) 46 11 18 58 i
‘: 10. Potsdam (GDR) 52 23 13 04 SBG
. 11. Ondrejov (Czech.) 49 55 14 47 AFU-75, SBG
1d 12, Ulan-Bator (Mongolia) 47 52 107 03 AFU-75
1 13. Kerguelen Islands (France- 49 21 70 13 UL
| USSR)
=% =




The program also envisaged the possibility that some of
the west European stations and statione in the Smithsonian Astrophysical
Observatory net, participating in such internatioral programs as those of

COSPAR and the IAG, also could be included.

Satellites of the GEOS-type ind some of the bright passive
satellites named as possible objects of observation included MIDAS-4,
EXPLORER-38, GEOS-2, ECHO-1 rocket, EXPLORER-22, EXPLORER-27,
DIS, DID and ANNA-1B. The authors also point out that satellites scheduled
for launching during the summer of 1970 by the French (PEOLE) and by the
U. S. (GEOS-C), both of which would be equipped with laser reflectors,

also would be suitable for use in the program. *

Two observation sessions, each lasting four months (March-
June, September-December) were scheduled for 1970. Observation methods
were to be such that a 2''-3" precision in determining topocentric direction

to satellites and a 0.001 sec time-registration accuracy would be assured.

The first official USSR pronouncement recommending that laser techniques
be used in measuring distances to satellites appears to have been one of the
items proposed at a seminar cntitled, "Geodetic Processing of Satellite
Observations, ' held at Tashkent from 23-25 November 1968 [18]. This meeting
was organized by the Astronomic Council of the USSR Academy of Sciences,
and the Astronomic Institute of the Uzbek Academy of Sciences, with the
participation of the Commission for the Multilateral Cooperation of the
‘Academies of Sciences of the Socialist Countries dealing with the problem
"Scientific Research using Artificial Earth Satellites (Space Geodesy Sub-
commission) in accordance - “th the protocol of the Conference of Experts
and Representatives of the Socialist Countries on the Research for Utilization
of Space for World-Wide Purposes (Moscow, 5-12 April 1967), attended by
representatives from Fulgaria, Hungary, the German Democratic Republic,
Poland, Rumania and the USSR.
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According to the program, the Astronomic Council was
responsible for supplying camera operational data, observation forms,
information on presentation of observational data, data exchange, preliminary
processing of data, ephemeris data, etc. to each of the participating stations
at least two months prior to the first observing session. The Council was
also to be responsible for the coordination of all sl *2rvational data. The

final reduction of observational results "is to be carried out by each of

the participating countries in correspondence with its own scientific interests'’.
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C. USSR - Controlled Satellite Triangulation Projects Involving the
Use of AFU-75 or Comparable Cameras in Conjunction with Laser

Observations.

ISAGEX Program - Soviet Contributions.

At the XII COSPAR meeting (Prague, 1969), the Centre
National d'Etudes Spatiales (CNES) presented a proposal which called for
the execution of an international satellite triangulation program. This project
involved the participation of several nations in making combined laser and
photographic observations of several geodetic satellites equipped with

laser reflectors.

As reported by Tatevyan [19] in the Soviet literature, the
program envisaged the accumulation of a large number of high-precision

observations of seven satellites having different orbital parameters

(inclinations of from 12° to 1060, eccentricities from 0. 009 to 0. 084), i.e.,

characteristics that are very important in solving some of the problems related
to AES dynamics and in correcting the parameters of the gravitational field

of the earth.

Discussions between the scientists and specialists of the
several interested countries, including those from the USSR, led to a greatly
expanded project plan, which was presented in May 1970 to the 13th session
of COSPAR in Leningrad, became designated as the ISAGEX project, and

included the execution of special synchronous satellite observations




involving the joint uee of laser and optical observations to determine

geodetic connections between some of the stations.

The USSR proposed the inclusion of two passive satellites;

no. 61028 (MIDAS-4) and no. 66058 (PAGEOQS).

‘ Observation stations of 16 nations were to participate,
including those in Australia, Bulgaria, Hungary, GDR, Greece, Great

| Britain, USA, France, USSR, Japan, etc.

The total number of stations involved was 63 of which

15 were equipped with lasers,

3 were equipped with lasers and cameras for photographing
reflected signals, 31 were equipped with high-precision tracking
cameras(l5 using the Baker-Nunn and 13, the AFU-75, SBG
or Antares cameras),

.‘ 14 were equipped with cameras which could photograph

only the flashes from GEOS-2 and bright passive satellites.

The experiment was set to begin on 5 January and last until

the end of June 1971,

——
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Principal scientific purposes of the experiment:

l. Determination of the gravitational field of the earth.

Execution of a large number of high-precision laser ana optical observations
of various AES, made at stations evenly distributed over tne surface of

the carth for the purpose of determining additional linear relationships
between previously calculated coefficients of the zonal and tesseral harmonics
of the gravitational potential of the earth, i.e., determination of zonal
harmonics to the 218t order and tesseral harmonics to the 18th order,
inclusively. In addition, some of the gravitational constants could be
recalculated since the scale could be reliably determined from the laser

observations.

2, Geometric satellitc geodesy

Since,during the experiments, 15 laser stations located in
different parts of the world were to make observations simultaneously
with the optical stations, the plan called for the determination of three

long base lines (Fig. 5), consisting of the following stations:

~%
o

a) Riga (stations in northern and castern Furope), Wetzel,

Zimmerwald, Haute-Provence, San }ernando, Dakar, Natal (Brazil).
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b) Zvenigorod (and other stations in northern and eastern
Furope) Dyonisos (Creece), Helwan, Afgoi, Olifantsfontein, Kerguelen,
Mirnyy,and Woomera (Australia). The ‘atter three stations were to be

connected by observing the high-altitude satellites "MIDAS-4'' and "PAGEQS"'.

c¢) Nainital (India), Ulan-Bator, Yuzhno- Sakhalinsk, Dodaira,

Guam.

Geodetic connections between other stations also were to be made during the

' experiment, but these three lines were to receive the most attention.

| For those base line sides having laser equipment at hoth
ends, a 2-m precigion in distance and a l-sec mecision in direction were
considered to be possible, given a total of 20 pairs of synchronous observations
(for a side length of about 1000 km) and from 20 to 100 observations for a

side length of 2000-4000 km.

The scientific aspects of the experiment were to involve:

bt agemmd e N

Compilation of an observation program assuring maximum

scientific output,

p——

Recommendations on methods of processing observation

results;

Dissemination of information between groups of scientific

researchers, etc.
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Personnel des

The main coordinating center wae to be the CNES; G. Bracket,

coordinator.
4

i
N

ignated to coordinate the experiment, included:
Kovalevskiy, J., France

Barlier, F., France

Dobaczewska, V., Poland

Gaposchkin, F. M., USA

Kosai, Y., Japan

Masevich, A. G., USSR

Veis, G., Greece

Vonbun, F. 0., usa

Chief

Immediate guidance of the work of the observation stations

was to be imple

3.

1,

[
0 :
]
]

mented at five subcenters:
SAQ, USA

NASA, USA

Ondrejov Astronomic Observatory (Czech)

CNES, France

Astronomic Council, USSR Academy of Sciences
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The Astronomic Council, USSR Academy of Sciences, was to

coordinate the work of the following ten stations equipped with the AFU-75

*
camera:

Riga

Uzhgorod

Zvenigorod
Yuzhno-Sakhalinsk
Helwan, Egypt

Afgoi, Somali

Kerguelen (French terr.)
Mirnyy (Antarctic)

Ulan-Bator, Mongolia

During the experiment, observations made at the stations
were to be forwarded to the subcenters and then to the CNES. Upon
completion of the entire program, CNES was to compile a general catalog

of all of the observations and present it to the Scientific Committee for

discussion.

The observation results were to be distributed in accordance
with the recommendations of the Scientific Committees of all of the scientific
organizations and separate groups of investigators "in accordance with their

rcientific interests,

* The publication, COSPAR Bulletin no. 53, 1970, p. 15, notes that the
following stations equipped with AFU-75 cameras also participated: Sofia,
(Bulgaria), Ondrejov [Cze:hoiluv-;kial. Bucharest (Rumania), and Baja
(Hungary).
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Results of Soviet ISAGEX observations as reported in the Soviet scientific

literature.

The available Soviet literature contains almost no specific

information on the results obtained at the Soviet stations participating in
the ISAGEX program. One paper, written by S. K. Tatevyan [19], states that
2 preliminary experiment was carried out from 15 September to 1 November
1970 to: 1) finalize the communication system between CNES, the subcenters
{ and the stations; 2) to check the accuracy and operational status of the
ephemeris service; 3) to adjust apparatus at the new stations; and 4) to
determine the geodetic directions between remote stations from observations
of the "MIDAS-4'"and "PAGEOS'" satellites, and that all of the USSR
Astronomical Council's stations equipped with AFU-75 cameras participated
() in these observations. Ephemeris computations were made at the Institute

of Theoretical Astronomy and at the Riga satellite observation station.

Tatevyan also reports that unfortunately, due to poor weather,
very few observations of the faint satellites were obtained. However, he
i3 says that '"this preliminary experiment made it possible to better coordinate
- the operational connections between the Council, the Computer Centers

anc the observation stations and that the results of this experiment will be

discussed between all of its participants''.

A second source [2(] contains the following tabulated observational
data, which are described as having been obtained in accordance with the

ISAGEX program.
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Period of observation - September 21 to October 30, 1970%;
Satellites observed - No. 68002, 64064, 67011, 65032, 65089, 67014;

USSR stations observing these satellites and the periods of observations:
\.J No. 68002 - 1014 (Vologda)

1035 (Novosibirsk) Sept. 21+« 22, 24-28;
s Oct. 8, 11, 27, 29.
1051 (Tartu) |

No. 64064 - 1014 (Vologda (?)) ]

[

| 1023 (Kiev) Sept. 21-28;
: Oct. 2, 7, 8, 10, 12.
R () 1027 (Krasnodar)
|
¥ 1035 (Novosibirsk)
o |
= 1042 (Ryazan')
1051 (Tartu) -
§ No. 67011 - 1018 (Yerevan) | Sept. 26-30;
% .. 1052 (Tashkent) | Oct. 1-5, 7-8, 26, 28;
. - No. 65088 - 1082 (Tashkent) Oct. 10, 25-28.
P - No. 65089 - 1018 (Yerevan) |
| 1 1027 (Krasnodar) Sept. 26;
| I Oct. 3-4, 6, il, 26, 30;
| 1042 (Ryazan') Nov. 6.
B 1051 (Tartu) b
. No. 67014 - 1016 (Yerevan) ] Sept. 27-28;
.- 1052 (Tashkent) | Oct. 3-6.

% Some data obtained at the Tartu Station are given for November 6.
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Other data tabuvlated: UT

a-right ascension

§-declination

2, The Arctic - Antarctic Geodetic Vector Project

The proposal for executing the Soviet Arctic-Antarctic
geodetic vector project, combining the use (f high-precision photographic
observations with simultaneously executed laser ranging measurements of
artificial satellites, was presented by I. D. Zhongolovich (Institute of
Theoretical Astronomy) at the 15th conference of the Commission for
Multilateral Cooperation of the Academies of Sciences of the Socialist
countries .n the problem: "Scientific Research Using Artificial Earth
Satellites", neld on 2-4 December 1969 a¢ the Crimean Astrophysical

Observatory of the USSR Academy of Sciences [21].

In this paper, Zhongolovich briefly discusses the theory
and summarizes the results already obtained in using dynamic metheds
of determining directions and distances to satellites, geometric methods
of determining the relative positions of staticns on the surface of the earth,
and the determination of the direction and length of a chord connecting
two stations. Chord direction and length accuracies, estimated by Zhongolovich

as possible for chord segments and for the entire Arctic-Antarctic traverse,

are based on data reported for the Organ Pass-Jupiter chord published



in the Smithsonian Astrophysical Observatory Special Reports, nos.

200(1966) and 264(1967).

The seven-station layout (six geodetic vectors), proposed

by Zhongolovich for the traverse, and the connections of each of the

stations to existing triangul.tion stations or networks in Furope, Africa,
the Arctic, Indian Ocean an! Antarctica, are illustrated in the following
figures. As these figures show, the proposed* stations would include
Barentsburg (Spitzbergen), Zvenigorod (USSR), Cairo (Egypt), Mogadiscio
(Somaliland), Reunicn Island (Indian Ocean), Kerguelen Island (Indian
Ocean) and Mirnyy (Antarctica). The total length of the six chords is given
as 16,900 km, the average length of a chord being about 2800 km (varies
from 2170 to 3390 km). The length of the subtending chord extending from

Mirnyy to Barentsburg is given as about 12,400 km, i.e., almost equal to

the diameter of the earth. The pfoposal specifically calls for the installation

N X . . e y
of geodetic lasers at a minimum of three stations (Zhongolovich suggests the

Kerguelen, Mogadiscio and Zvenigorod stations).

In Zhongolovich's view, each of the geodetic vectors would
have to be determined as accurately as possible, both in relation to the
direction of the chord from an adequate number (> 50) of judiciously
disposed synchronous planes and in relation to the length of a chord,

determined from a large number (> 40) of special laser measurements of

* 2 mgolovich notes that future circumstances might result in changer in
st...ion selection.
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the topocentric distances to geodetic satellites equipped with corner

reflectors, carried out simultaneously with measurements of directions

to the satellite from the ends of the chord being determined.

Zhongolovich anticipates that the length of each chord can
be determined with a precision of about 1:500, 000 and that the total
length of the subtending chord can be determined with a precision of

about 10'6.

Additional information on the details and progress of the
project was given in a paper presented by Masevich, Yerpylev,
Lozinskiy and.Tatevyan at the 15th General Assembly of the IUGG, held
in Mgscow, July-August, 1971 [22]. These authors report that the

geodetic vector traverses are to be laid out in two stages of operation;

Stage I - each of the constituent gcodetic vectors is to be

oriented from synchronous photographs of high-orbit satellites, with several

dozens of synchronous pairs of satellite tracks being obtained. Here, it is

assumed that sub-satellite stations are favorably positioned in respect to

the chord.

Stage II - simultaneous photographic and laser trackiag of the

satellites is to be carried out from the terminal stations of each vector.

Knowing the chord direction, each of the simultaneous photographic and

laser tracking observations will make calculation of the chord length possible,
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Assuming that the "present predsion [1971] of photo-
praphically determining directicns to a satellite against a star background
is within the limits of 1" and that of determining the topocentric distances
with laser ranging equipment is ~1 meter, Zhongolovich is quoted as
estimating that a single 2,000-3, 000 km vector of the chord can be

meastred with a precision of £0.4'" in direction and +4 i in distance.

Stage I was initiated by the USSR Academy of Sciences in
1970 when experimental observations were made of PAGEOS and MIDAS -4
(April and May 1970). Work carried out at stations under the direction
of the USSR Academy was supvplemented by that executed at the French
station at Nice, at Pretoria (S. Afr.), and at the station jointly operated
oy the Soviets and France on Kerguelen Island, Observations made at these
stations in September -November 1970 are reported as Laving been contributed
as a part of the preliminary stage of the ISAGEX preject, in compliance with
recommendations made by the 1970 COSPAR conference in Leningrad to the
effect that the ISAGEX program during the first half of 1971 would include
observations made to determine the directions of this type of geodetic vector.
Having completed observations, the ISAGEX program was to be continued as

an independent international geodetic program,
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In ccnformity with the Soviet view that the Arttic-
Antarctic chord project should be supplemented by laying out an
equatorial chord between South America and the Far Fast, where the
Tokyo Actronomic Observatory is working on an Fastern Asian arc,
new stations are being established at Khartoum (Sudan) and Fort Lamy
(L. Chad), at the intersection of the polar and equatorial traverses, and
the establishment of yet another station in Latin America is under

condideration,

In stage II, several scientific institutions in the Socialist
countries are to cooperate internally in building laser-ranging equipment
to be used in satellite measurements. This equipment is to be a 'rather

simple instrument of adequate precision", that '"can be easily moved from

one station to another', ... "will have a four -axis mount similar to that

of the AFU cameras, and is to be ready for field investigations in 1972.
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o 3. World Triangulation Project Proposed by I. D. Zhongolovich.

A paper by L. Minowska [23], entitled "Numerical analysis
of world satellite triangulation network projects'" numerically analyzes and
compares models of the world triangulation projects proposed by
; \ Zhongolovich and by H., H. Schmid of the U, S. Coast and Geodetic

Survey[at the time the proposal was made].

The Zhongolovich proposal presents 4 scheine for a world-
-wide space triangulation network, which consists of 20 plane triangles,

| 30 chords (sides of triangulation) and 12 stations. This scheme is derived

from an inscribed icosahedron, the stations being located at the vertices of
1 { the icosahedron, and with an additional station located in the Pacific Ocean "

(see Fig. 7).

Fig. 7. Station layoutfor Zhonpolovich's world
triangulation project,
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coordinates of e

The geographic coordinatcs ¢ and A 2

ach of the proposed 13 stations are

given in the following

nd the rectangular

table.

Tablie 7.

‘ Nr pktu [ 4 A \ ol \ u ‘ é !

Pl Al it fm) E IR

EERE .- B, P G .

| 1 4647 SI0R” | 41787307007 | ~2702048 by qose | asasrms
| 2 437 S8 47 | 41390000 | 3789428 | 4320409 | +392002
| 3 +30 48 38 | + 683000 +1793191 o pass2ak | 44078003
4 Ti7asas | #3301 0000 | +adurdmy | -2439781 | 4 39054C

‘ s 1270238 | +200 0000 | + 98570 | -SS0ST2 | +2W079%6
| 6 T3 1054 | 41990000 | —3SRLee6 | —1921922 | L2406EE

| 7 T35 1906 | 41390000 | -3921308 43410480 | -~36RAIKE |
| 8 e |+ | 419w | se0an - 062D
9 TS yssy | +121000 | +6208424 | 4130852 | - S8S2

\ 10 a0 2227 |48 000 | +4476266 | 3960284 | 220,

n T3 0@ | og6 G060 | -rssvagy | ~53Tees | =AM

12 T3 4a38 | 41770000 | —1uss024 |+ 256066 40780 |

\ 13 —69 5234 | 4150000 | +2113385 \ + 566280 | -3 97066 |

Zhongolovich's proposal envisages that a special gecdetic
satellite, orbiting at about 10, 000 km, would be observed from each
station and that the lengths of the triangle sides would range between
3,500 and 7, 800 km. (For the purpose of the Minowska paper, laser

observations are assumed).

The author's conclusions, based on several models, as

applied to the Zhongolovich proposal, are of interest for several reasons.

In terms of ability to determine station positions provided that direction
and distance observations are determined under optimum conditions, the

project is favorably evaluated, On the other hand, Minowska notes that
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there is no satellite of the required type available [at the time of writing]
nor are there pla .s for launching one and, further, '"we do not possess

laser equipment of satisfactory capacity to implement such a proposal'.
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PART IV

USSR AND EAST EUROPEAN CAMERAS USED FOR SATELLITE
GEODESY PURPOSES

The most recent review-type reports published in the
Soviet Union, which contain information on the satellite cameras used in
the USSR and the East European countries, were included in papers either
published in 1970 or containing 1970 data. Papers of the first type were
prepared by the well-knewn geodetic astronomers A. G. Masevich and
A. M. Lozinskiy of the Astronomic Council, USSR Academy of Sciences (1],
the English translation (? ) of the original paper [8]*, and in a paper
presented by A. G. Masevich, N. P. Yerpylev, A. M. Lozinskiy and S. K.
Tatevyan at the 15th General Assembly of the IUGG (2] held in Moscow,
July -August, 1971. A compilation prepared by L. P. Pellinen [23],
summarizing and systematizing information published in 1970 in the USSR

abstract journal, Referativnyy zhurnal, covering many aspects of space

research (investigations of the gravitatioi.al fields and the shape of the earth,
other planets and the moon from space vehicle observations), falls in the

latter category.

*. The source of this 'translation'' is not known, i.e., whether it was
made by the Soviets or by other translators. It is also of interest to note
that the two sources differ in minor details, information in the "original"
sometimes being omitted from the 'translation', or vice versa.
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According to these and later, more detailed sources, the
following cameras are presently being used by the USSR and the East

Furopean countries in carrying out various projects in satellite geodesy:

Non-Tracking Camerag

NAFA /3¢ /25(USSR), replaced or being replaced by
UFISZ/C, UFISZ/25, UFISZ -50(USSR)

FAS(USSR)

Poznan, Poznan-2 (Poland)

Marek (GDR)

MK -75 (USSR)

Schmidt - Vaisala (Finland)

Tracking Cameras

VAU (USSR)
AFU-75 (USSR)

SBG (GDR)

The following summary of technical information on these
cameras, collected from the literature, contains no information on the
SBG or Schmidt-V:'a.'is:'a.'l'a'. cameras, since detailed information is readily
available in the German and Finnish literature and the cameras are assumed

to be we!l known Lo American specialists. Data on the USSR NAFA-3c/25




camera, used almost universally in the USSR until 1969, are also omitted

since details on this camera have been available for several years and also
because Soviet reports state that these cameras have been or are being
rerlaced by the UFISZ cameras at USSR and Fast Furopean satellite observation
stations. The limited amount of data presently available for the new UFISZ -

type cameras, however, are presented below (Section A).

A. Non-Tracking Satellite Cameras

1., UFISZ -type cameras

Several authorities [1, 3] describe the UFISZ -type cameras
built in 1959 [3], as updated improved and partially redesigned versions of
the NAFA -3¢ /25 cameras used 8o extensively at stations in the Soviet satellite
observation network mostly for acquisition of ephemeris data. Several authors
state that UFISZ cameras have replaced the NAFA cameras at most of the

USSR and East European stations.

The technical and operational data for these cameras, reported
in the literature published in the 1970-1973 period, are summarized as

follows:

Masevich [1] says that the updated version of the NAFA-3c/25
is designated as the UFISZ /C but that the UFISZ -50 (d = 100 mm, f = 500 mm)
is used at some USSR stations. Boyko et al [3] give the following technical

characteristics of the UFISZ -25:
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Lens, Uran-4;

Focal length, 25 cm;

Relative aperture, 1:25;

Shutter, jalousie-type; closed and opened by a digital

printing chronograph, operated from a crystal oscillator.

The camera uses film only. Passive satellites of 4M, moving

at an angular velocity of up to 1°/sec, can be photographed. The precision

with which directions to a satellite are determined is given as £5-7'".

An abstract* of a paper by K. M. Antonovich (6] describes

the method used in determining the moments when satellite pictures are

ports that the r.m.&. error of

—

exposed with an UFISZ -25 camera and re

cment of mid-exposure is +4.6 msec. The true error,

determining the m

e
[

determined from photoelectric registrations, is reported as being 2.8 msec.

s sy
[ it

The UFISZ /C is described by Masevich |1] as differing

spring-loaded shutter,

[

from the NAFA -3c/25 in that the jalousie-type

which in the NAFA -3¢c/25 had been activated by a rnotor, now is activated

by an electromagnet, the electric motor being used only to provide power

for advancing the frames. The camera is installed on a simple and convenient

stand to permit vertical and azimuthal pointings.

# Qriginal paper not available.




2. The FAS Camera

Lapushka and Abele (Riga Universitylhave also designed and built
a new camera (FAS) specifically for photographing active satellites. Fig. 8

is a photograph of this equipment and Fig. 9 is a generalized schematic of

its optics.

Fig. 8. The FAS amera|8].
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Like the AFU-75, this camera is mounted on an equatorial
platforin; its operating principles are identical to that of the AFU-75,
differing only in that it is structurally improved and is more stable. The

camera is mounted on a biaxial platform.

The camera has a mirror-lens objective, as shown in the

following schematic (Fig. 9 ).

D-250wn, DfF 102

rar

Fig. 9. Optical schematic of the FAS camera.

The ma2in mirror is spherical and is 300 mm in diameter. The surfaces
of the meniscus and mirror have common centers of curvature. The front
lens is planoconvex and has a large radius of curvature. The telescope
aperture i 250 mm in diameter, and its focal length is 480 mm, d/f = 1:19.

The focal surface 18 flat.
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The optical system is distinguished by the feature that all
observations (except distortion) are well corrected. Achromatism ranges
from 400-700 mu. The lack of aberrational distortions and secondary

spectra result in very clear star images, 20 my in diameter.

The photographs are taken ir the prime focus on plates or

film, 6.5 x 9 cm in size. The dimensions of the field of the photograph are

7° x 10°. The resolving power of the objective is -10 lines/mm in the

center of the field and over the entire field.*

Fach plate or film is loaded in a separate holder, which sets

them in the focal plane. The plates can be replaced manually in 8-10 seconds.

There are two possible methods of photographing active
satellites with this camera. In the first method the equatorial platform is
operational and the star imagee on the photographs appear as points. The
second (vertical) axis has a device for discretely moving the camera vertically
by 2" of arc. This results in double star images which make satellite flash

images easier to find.

In the second method the equatorial platform is engaged and

the stars appear as dashed lines on the photographs. Moments of time must

* This latter statement appears only in the English translation [8] of the
original paper.
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be noted for the beginning and end of each dashed line. For this purpose
special contact is made with the camera shutter, and a signal from this
contact is fed to the printing chronograph. This method is less precise than
the first and timing instruments are required. The camera shutter is opened

manually and is set from a long arin in front of the focal plane.

The servo drive of the equatorial platform is powered by
a d.c. motor, whose synchronous revolutions are regulated by a balance
mechanism. The motor is fed 5 volts from 1. 5-volt dry cells. Checking
determinations made of internal precision from the computed star positions
and comparison with their catalog coordinates show deviations in results of
frorn 1!'5 to 3!'0.  An internal precision identical to that of the AFU-75 for
different focal lengths is due to the fact that the star images taken with the
FAS-3A are significantly clearer (good optics), thus reducing the errors in

measuring rectangular coordinates.

By the end of June 1969, FAS cameras had been installed at

the Riga, Zvenigorecd, Uzhgorod, Pulkovo and Yuzhno-Sakhalinsk stations.

3. Poznan-2 Camera {Poland)

This carera, built in accordance with G. G. Hurnik's (1968)
design, was first installed at Poznan and then at the Sofia and Riga stations.

Tte camera lens is the '"Telemar'' (diameter, 140 mm; focus, 1000 mm), usec
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in acrial surveys. The camera uses 13 » 18 cm plates but film also can

be used. The field of view is 6° x 8°. The aperture is about 1! em [23].

It has a device which photographs (on the edge of the plate) the declination and
hour angle (right ascension) readings to one-degree ;\ccuracy',and clock

dials at a reading accuracy of uptol min. An obturator rotates in front of
the lens to mark the satellite track and to register time. The effective

time for opening and closing the obturator shutter for a satellite having a
brightness of PAGEOS is 8 milliseconds, anc an exposure time of 24 milliseconds.
A photodiode is used t(") register moments of time. In addition to the
obturator shutter, there is a leaf-type shutter shutting off the objective from
the side toward the holder. The camera is mounted on an ordinary equatorial

stand (Fig. 10 on the following page).
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Fig. 10 Schematic of the Poznan -2 camera.
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4. The Marek Camera (GDR)

A special camera was built by K. Marek at the Potsdam

Ge: detic Institute (GDR) for a 'program designed to obtain the precise

azimuths of directions between satellite observation statione spaced

great distances apart'. A generalized schematic for this camera is given

in Fig. 11 [1].

Plateholder

- o

Fig. 11. Schematic of the Marek Camera.




This instrument consists of:

Telescope, 200 mm (in diam.); f' = 964 mm; B
aperture ratio = 1:5.6; field of view = 30.5x 4. 7;

Special equipment for time registration;*
Interchangeable holders

Guide, 110 mm in diameter

Nine photographs can be taken at 2-minute intervals during

a single passage of an Echo-type satellite.

These cameras have been installed at Potsdam, Sofia and

Riga.

5. The NAFA MK-75 Camera (USSR)

The available recent Soviet literature provides only a
minimum of information on the NAFA MK-75 camera (Fig. 12). An
abstract of a paper by Logvinenko and Dul'tsev [5] states that descriptions of
camera modifications, including the recdesign and manufacture of a new

azimuthal mount for the MK -~75 at the L'vov station, are given in a paper

* Details are reportedly given in: '"Nablyudeniya ISZ'", no. 3, Berlin,
1965, 161-167 [ Not available at the time this report was written].
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Fig. 122 MK-75 Camera

published by the L'vov University®*; the original paper, however, had not
been located at the time this report was being written. Other sources of
information, in the form of a photograph of the camera and the principal
characteristics of the lens, are given by Fel'sman [15], by Masevich [1, 2],
and by Guseva 9], who give some of the (echnical characteristics of the

MK -75 located at the Zvenigorod station (station 1972) and mention that

# L'vov. Universitet. Astronomicheskaya observatoriya, Tsirkulyar, no.

47, 1972, 36-40.
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this camera is used ''to phctograph minor planets'.

The following table summarizes information currently

available on the technical parameters of this camera (Table 8).

Logvinenko [5] Fel'sman [15) | Guseva [9] Masevich (1,2
ﬂ_,ens Uran-16
D 20 cm 2} em 200 mm
r 750 mm 75 cm 74 cm 750 mm
Relative aperture 1:3.5
Field of view 22%40x22%40
Use Photographs Used to
active and photograph
passive minor planets
satellites for
triangulation
purposes
A ccuracy (position
of satellite) 2"

Table 8. Technical characteristics of the NAFA MK-75 camera.
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B. SOVIFT TRACKING CAMERAS

I. Tha VW Tracking camera (USSR)

The VAU camera, described as being the largest satellite
tracking camera in the world, was designed for making high-precision
phot ‘zraphic observations of the positions of artificia! earth satellites and
remote "artificial space bodies' (1, 2]. The first VAU was installed and
investigated at the Zvenigorod station in 1969 [4].  Photographs of the

VAU installation and its optical schematic are given in Fi-s. 13, 14 and {5

L
A 1 (
. I

Fig. 13. Photograph of VALl installed at Gissar Observatory [21].




g ©

.




e Yo iw
1
|
1

e e

Lk w
e
|

e |

Fig. 15. Optical schematic of VAU [26].
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The technical specifications of the VAU satellite tracking

L -

camera are as follows:

Objective - ""Astrodar' lens, designed in 1958 at the Pulkovo

L

Observatory by D. D. Maksutov and M. A. Sosnina, with:

Effective aperture, 500 mm;

- e

Focal length, 700 nim: ’

>
<&

Effective relative aperture; 1:1. 8; F

Effective diameter of exit pupil, 390 mm;

Diameter of main mirror - 1070 mm;

Focal plane of camera - spherical, with radius of curvature of 700 mm:; 1

Diameter of circle of aberration in the field - 0. 03 mm;

Field of view - 5° « 30° rectangle;

Obturator shutter - used to obtain discontinuous images of the tracks of

. -

reference stars or bright satellites and controls the registration

g e e e

¥ of the precise time system;

v Leaf-type shutter - opens and closes in 0.02 second; used to limit the
number of track segments and makes it possible to determine the

1 8 star track breaks corresponding to a fixed moment in time;

I Film - 70 mm wide (frame size, 326 x 61 mm) [4];

¥y Photograph size - 60 x 360 mm,

s i e - .
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The surfaces of the meniscus of the main mirror and of the

fre e

pressure table are portions cf concentric spheres having a common center

. of curvature.
a¥

Camera mount - electrodriven (4], triaxial parallactic; unlike the usual

] equatorial mount, pérmits not only the pointing of the camera

at any celestial point at which a satellite is located, but also

tlie tracking in any direction of a satellite moving away from
ol

o that point [1]. This is accomplished by rotating the camera

on the circleto a poirt tangent to the trajectory of the satellite.

| The carry-over from one approximating circle to another is

automatic, as set for any given program [2];

Tracking speed - 0-6000'/sec, making possible the tracking of deep space

’ probes as well as of satellites:

Primary (right ascension) axis - directed toward the celestial pole;

vy Secondary (declination) axis - permits setting of the third orbital axis

On any point on the selected circle of declination.

At the moment the photograph is taken, the camera rotates
|
4 about the right ascension axis at the diurnal celestial rotation velocity and
v about the orbital axis at the rate of the apparent motion of the satellite. In

photographing a bright or active satellite the camera is rotated only relative

to the right-ascension axis.

The selsyn receivers [4] in the central panel make it possible

to direct the orbital axis to the required point in accordance with the
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declination scale and the right ascension. Then an observation program

is entered, which at the required moment in time, starts automatically

to be executed by the instrument. The programming device controlling

the motion of the camera about the orbital axis and the speed of the obturator
shutter consists of 12 units, each of which assigns the positional angle,
tracking rate and the moment the photograph is taken. Thus, the camera can
track and photograph a satellite at 12 points along its apparent trajectory
without observer participation. If desired, the position of the polar orbit

can be changed at each point a photograph is taken.

View finders - The camera has three view finders, one of which is angular,

The observer can use any of them, depending on the camera
position. FEach view finder has interchangeable magnifications
of 25, 50, and 100 with corresponding fields of view of 2° 40 ,
10 24' and 52', respectively*. With them, the observer can
control the moment of appearance of a satellite having a
stellar magnitude of up to 2™ and the corresponding tracking
speed of the satellite. The position of the polar orbit, the
direction along the orbital angle, the tracking speed and the
moment the shutter opens, can be corrected from a portable

panel.

* Tishchenko [4] says that ""space objects are tracked using a lstraight' and
an angle viewfinder and, automatically, with a photogugde.. The 'straight'
viewfinder has a mg.gni,fication of 26 (field of view of 1~ 24') and of 115
(field of view of 49~ 24'). The angle viewfinder and the photoguide are 10M
for fields of view of 7°."
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Control panel. The camera is completely controlled from a central panel

(Fig. 16[8]) installed in a separate room, from which the entire

equipinent is visible.

Fig. 16. Control panel of the VAU camera.
BPhoto guides, Photo guides, installed at both ends of the right-ascension

axis fork,make it possible to automatically correct the diurnal

motion of the camera along the right-ascension axis.
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Registration of the time the photograph is taken.

The equipment used to register time was designed to register
the moments of time when the photographs are taken with a 0.1 millisecond
resolution and to produce a stable frequency of 50 Hz for driving the right-

ascension axis. It consists of the following units:

l. Twin crystal oscillators, assuring a relative

signal stability of not less than 1 x 108 per 48

hours of continuous operation. The freque- .y of

the oscillators is 5 MHz;

The frequency divider operation is tri-parallel and is
designed so that the time signals with their results
register only when the output signals of at least two (of

the three) of the identical units coincide;

Radio receiver, which with the aid of an osc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>